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Industial Uses of Organobn Compounds
According to Ross (1) , there are three main areas in which organotin compounds have product and process utility: (1) heat stabilizers; (2) catalytic agents; (3) biocidal compounds. Organotin derivatives account for the fourth largest production of organometallics amounting to about 3-4 million pounds per year as compared with about 485 million pounds per year for organolead compounds. Originally, organotin compounds were developed as thermal stabilizers for chlorinated hydrocarbons which would be used in those applications for which there was a strong possibility of thermal degradation. However, as the chemistry of organotin compounds became better understood, their application expanded to catalytic and biologically active agents.
Heat Stabilizers
Organotin stabilizers prevent the thermal degradation of many chlorinated compounds such as certain types of transformer oils, PVC, poly(vinylidene chloride), chlorinated rubbers, paraffins, and modified plastics. The organotins have also been used to stabilize * 1932 . At that time, the transformer insulation consisted of paper and mineral oil. Large temperature gradients across the oil generated by power fluctuations in the transformer, caused decomposition of the mineral oil to a sludge. This oxidative decomposition was prevented by the addition of tetraalkyl or tetraaryl tin. In 1957 General Electric developed replacements for mineral oils which were trichlorobenzene, pentachlorodiphenyl, and pentachlorodiphenyl oxide. The chlorinated aromatic transformer oils had more accurately defined heat transfer characteristics than did mineral oil. However, when arcing occurred in transformer operation, these compounds decomposed and liberated HCl which corroded the interior of the transformer. Tetraalkyl and tetraaryl tin compounds were added to react with the liberated HCl to form organotin chlorides (and alkanes or benzene). The motivation for using tetraorganotin compounds was the desirable volume to efficiency factor for corrosion prevention: one mole of organotin June 1973 removed four moles of HCl. For example, tetraphenyltin stabilized chlorinated transformer oil as shown in eqs. (1) and (2) .
Chlorinated aromatic transformer oil
HCl (1) (C6H5)4Sn + HCI e+ (C6H5)3Sn C1 + C6H6 (2) PVC Stabilizers: By far the largest proportion of organotin stabilizer production is for the stabilization of PVC. PVC resin is a white powder produced by free-radical, ionic, and emulsion polymerization. In order to mold the resin into finished products, the resin is softened by heating. For unplasticized PVC, this softening temperature approaches the thermal decomposition temperature of the resin. PVC polymers are particularly susceptible to thermal degradation during processing and use. Thermal stabilizers are therefore an essential additive for both rigid and flexible PVC products. PVC Also, for a linear molecule, an allylic chlorine is a weak point for degradative attack. An allylic chlorine is formed generally from disproportionation chain termination mechanisms. An example of this kind of structure is' I: Cl CH2-CHC1-CH2-CH-CH = CHC1 I Branching creates a tertiary chlorine on the main chain which is vulnerable to degradative attach. An In this particular application, the mercaptide ligand is a very effective radical scavenger and inhibitor. Environmental Health Perspectives (4) There are three main steps to this mechanism. In urethane foam production, the rate of generation of CO2 is extremely important for the properties of the final product. On the other hand, the chain extension reaction has to proceed at a sufficient rate so that the gel will have sufficient strength to retain the CO2 gas bubbles which produce the foam. The organotins appear to be most effective in catalyzing the chain extension reaction so that the optimum rates of both the chain extension and gas formation reactions are achieved. Organotin compounds have distinct advantages as catalysts for esterification reactions. They are: (1) high catalytic efficiency; (2) low tendency to eliminate water from secondary alcohols to form olefins; (3) ability to produce colorless esters; (4) absence of acidic or basic residues in the esters; (5) ability to impart heat stabilization to condensation type polymers (i.e., polyesters); (6) ability to improve physical and electrical properties of the product.
Plasticizers, polyesters, lactones, pyrrolidones, and glycolic acid have been polymerized with organotin catalysts.
The catalytic activity of the organotin compounds has been attributed to low-energy 5d orbitals of the tin atom which can form hexa-and pentacoordinate bonds. In this type of bond, the tin coordinates with either an oxygen or nitrogen. This coordination bond causes polarization of the carbon atom bonded to an oxygen or nitrogen atom, and makes the carbon atom more susceptible to attack by an electrophilic reagent, such as an alcohol, as in the urethane and esterification reactions.
Biocidal Compounds
Organotin compounds, because they have been found to be effective in the control of many fungi and bacteria, have been used as preservatives for wood, textiles, cordage fibers, paper, leather, electrical and electronic equipment, and glass. Most biologically active organotin compounds are trialkyl or triaryltin compounds. Bis(tributyltin) oxide, TBTO (M & T Chemicals, Inc.), gives antibacterial, antifungal, and mothproofing properties to treated fabrics. In this application, the tin compounds must compete with such compounds as copper 8-quinolinolate, copper and zinc naphthenates, zinc dimethyldithiocarbamate, pentachlorophenol, and quaternary ammonium compounds. Their main disadvantage is cost, but their major advantage is their lack of color and staining. TBTO is extremely effective in controlling bacteria in hospitals, such as Staphylococcus aureus. TBTO has also been used to prevent odors in garbage pails, control athlete's foot, control molds in bathrooms, control mildew on leather goods, textiles, and plastics, and mothproof stored garments.
Industrial applications of organotin biocides include their use for slime control in paper pulp mills and cooling towers. Their use in processes involving food-grade papers, however, has been curtailed. In the control of slime in cooling towers, the tin compounds must compete with less costly, highly effective, but hazardous compounds such as trichlorophenol and organomercurials.
TBTO and tributyltin linoleate are active ingredients in marine lumber preservation. Paint formulations containing TBTO have controlled marine fouling for as long as cuprous oxide paints. Concentrations between 10 and 20% weight TBTO usually gives enough protection for the entire boating season. In this application, the organotins compete with organomercurials and organolead antifouling paints.
Dibutyltin dilaurate is effective for the control of Raillietina cesticillus in chickens, and the control of other poultry tapeworms. Dialkyltin compounds have also been used in the control of other parasitic diseases of poultry, sheep, and swine.
Tributyltin chloride is an effective rodent repellent.
Triphenyltin acetate and triphenyltin chloride are effective molluscicides for the control of snails which serve as vectors for schistosome infections in man.
Tributyl-and isopropyltin compounds are effective fungicides. Triphenyltin acetate and hydroxide control the fungus causing late blight of potatoes, control sigatoka in bananas, and control 11 other fungal diseases of important crops.
As insecticides, organotin compounds have been very effective. Trialkyltin compounds such as triphenyltin acetate and hydroxide, tributyltin chloride, and dibutyltin dilaurate when applied to foliage generally repel insects. Figure 1 gives an overview of organotin product use patterns. It is interesting to note that the dialkyltin derivatives are used as heat stabilizers and catalysts, and the trialkyl-and PRESERVATIVES FOR WOOD, TEXTILES, PAPER, LEATHER, AND GLASS bis (tributyltin) oxide; TBTO; tributyltin linoleate triaryltin derivatives are used mainly in biocidal applications.
Biological lnvssigauons on OrganOdn Compounds Migration of Organotin Stabilizers from
Plastic Devices and Biological Reactions to these Compounds The ability of biological fluids to extract organotin heat stabilizers from plasticized PVC medical devices has been well documented (4-11). The migration of organotin stabilizers from PVC bottles into liquid foods has been studied by Carr (12), Woggon et al. (13) (14) (15) , and Koch and Figge (16) .
Guess and Haberman (4) have studied the biological reactions to PVC resins obtained from different manufacturers, and to a large variety of PVC additives which include the commercially important plasticizers and heat stabilizers. This is probably the most comprehensive toxicological evaluation of these compounds in the literature (and for this reason will be discussed in some detail). As a comparison, biological reactions to Teflon, nylon, polypropylene, polycarbonate, ABS, poly(phenylene oxide), cellulose triacetate, and polyethylene plastics were also reported. This class of plastics usually does not require plasticizers during processing, whereas PVC plastics do. However, all plastic formulations to some degree require stabilizers as essential additives to prevent degradation during product use.
Several biological tests were employed to evaluate the toxicity of the PVC plastic formulation, the PVC resin, and the additives. In one test, slivers of the plastic were implanted into rabbit tissue. After one week the rabbits were sacrificed. Tissues Several possibilities as to the nature of these toxic substances in PVC resins depend on the production scheme involved. The two main schemes involve free-radical initiation with benzoyl peroxide in monomer solution or in an emulsion. Impurities may be in the vinyl monomer, free-radical initiator, or the solvents used. However, it seems possible, because of the amount of material extracted, that the alcohol-extractable material is unreacted vinyl chloride monomer, which is very soluble in methanol and is also extremely toxic and even carcinogenic (17) .
Cell culture and rabbit implantation tests for other commercial plastics which usually are unplasticized but contain stabilizers, either caused a very low degree of cell destruction in the tissue culture tests, or produced no destruction at all. Alcohol extracts of these plastics produced measurable quantities of material which gave positive toxic reactions for Teflon, polycarbonate, ABS, poly(phenylene oxide), and cellulose triacetate. The volume of the extract in all but the Teflon and polycarbonate samples again suggested that this was unreacted monomer or low molecular weight dimers and trimers. Another interesting aspect of this comprehensive study was that the toxic reaction for a particular plastic formulation diminished with the absence of plasticizer. This observation reinforced the earlier conclusion that the plasticizer was the vehicle for the transport of the more toxic stabilizer into lipid materials, i.e., the diffusion of the stabilizer into the lipid material was enhanced by the presence of the plasticizer. Those plastics which did not require plasticization appeared to produce less toxic reactions in biological applications than did plasticized plastics.
In a related study, Haberman et al. (5 flower oil, the migration of the dioctyltin stabilizer into the oil did not exceed the daily tolerance level. The oral LD5 0 for di-noctyltin bis(2-ethyl hexyl thioglycolate) was 2100 mg/kg in rats.
Carr (12) , in a study with 10 liquid foods, attempted to distinguish between the tin content of these foods due to processing and absorption of tin from the environment, the so-called "natural tin," and the tin which diffuses into the food from the food container. In this study food was analyzed for total tin before packaging in PVC containers and after storage in these containers for two months at 300C. There was no degeneration of the fat tissue of the nerve fiber which had been severed from its nutritive centers (Wallerian degeneration), and the only other lesion of possible significance was some endothelial proliferation in the smaller veins accompanied in some cases by thrombosis and small perivenous hemorrhages. Immediately following the Stalinon affair, there was a proliferation of articles concerned with the toxicology of trialkyltin derivatives and their influence on biochemical reactions.
Because the triethyltin derivative was identified as the toxic contaminant in Stalinon which resulted in neurological symptoms in many of the afflicted patients, the toxicity of this compound has been widely studied. In one of the earliest toxicity studies on organotin compounds following the Stalinon affair, Stoner et al. (23) studied the acute and chronic effects of a series of tetra-, tri-, di-, and monoalkyltin compounds and some inorganic tin salts in rats, rabbits, and guinea pigs. In acute studies with rabbits, triethyltin appeared to be the most active, producing muscular weakness followed by some recovery, but progressing in turn to muscular tremors, convulsions, and death. In other animal species the compounds used in these acute studies produced similar response patterns. The results of the acute studies are given in Table 3 .
On discounting the unexpected acute oral toxicity for the rat for the trimethyl derivative on a comparative basis, the toxicity of trialkyltin derivatives decreases as the size and stability of the ligand increases. Generally, the toxicity of the dialkyl derivatives was less than the toxicity of the trialkyl and triaryl derivatives.
The chronic studies in this investigation by Stoner et al. (23) were conducted on rats, rabbits, and chickens, and the only organotin compound used was triethyltin hydroxide. In rats, the daily dose was 20 ppm, in rabbits 20 ppm and 40 ppm, and in domestic fowls 160 ppm of triethyltin hydroxide. The outstanding feature of chronic poisoning was muscular weakness. Although there was no evidence of concentration of tin in any organ, these alkyltin derivatives appeared to have their main effect on the central nervous system.
Further work by Magee et al. (24) made it clear that triethyltin derivatives exerted a powerful toxic action on the central nervous systems of rats. Both acute and chronic studies were performed; acute studies used triethyltin sulfate; chronic studies used triethyltin hydroxide. In the acute studies, a dose of 10 mg/kg body weight (approximately 2LD50 doses) was injected intraperitoneally and produced a generalized progressive -weakness which ended in death after a maximum of 5 days. An intraperitoneal dose of diethyltin dichloride of 20 mg/kg of body weight did not produce the characteristic paresis, but still caused death within 24 hr. In chronic studies, the daily dose was 20 ppm of triethyltin hydroxide in rats. The only noteworthy lesion in these animals was an interstitial edema confined to the white matter of the brain. It seemed clear from these studies that the first reaction in the rat to poisoning was the accumulation of fluid in the white matter of the central nervous system. Furthermore, this accumulation of fluid persisted for as long as these organotin compounds were administered. When feeding of the triethyltin compound was stopped, the lesion was reversible. It was interesting to note that the symptoms exhibited by the animals used in this chronic study with triethyltin compounds were similar to the symptoms of the victims involved in the Stalinon affair. (23) .
Environmental Health Perspectives
In the discussion of these results, Magee et al. (24) noted that the lesion produced by the triethyltin derivatives was very different from the lesions caused by alkyl derivatives of lead, antimony, bismuth, and mercury, which cause damage to the nerve cells. It was suggested that the explanation for the lesions produced by the triethyltin compounds must incorporate the general tissue effects of these compounds on the inhibition of oxidative phosphorylation. There was no explanation of why the brain tissue should be more sensitive to these compounds, but it was suggested that the transport of free fluid and overall metabolic processes should be studied in more detail in order to find out more about the exact biochemical changes in the central nervous system of rats as a result of triethyltin poisoning.
More recently, Pelikan and Cerny (25) studied the acute toxicity of tri-n-butyltin derivatives in white mice. The tributyltin derivatives were the acetate, benzoate, chloride, laurate, and oleate. These compounds were given per gavage in a single dose of each compound at 500 mg/kg body weight. After 8 hr autopsy findings showed signs of damage to the digestive tract, liver, and spleen. The histological findings included steatosis of the liver cells in all animals, but to varying degrees, traces of lipids were found in renal tubule cells of animals receiving the laurate and oleate compounds, and hemorrhages were found in the digestive tract and kidneys. The LD50 results for these compounds in white mice are shown in Table 4 .
A large amount of acute toxicity data has been obtained for trisubstituted organotin compounds; the results of these and several (25) .
other important studies are summarized in Table 5 . Suzuki (28) performed acute and chronic studies with triethyltin sulfate on newbom rats. In the acute studies, 5 mg/kg body weight of the triethyltin sulfate was injected daily intraperitoneally. The rats in this study died after 3 days. The brains of the test animals showed diffuse hemorrhagic encephalopathy. In the chronic studies, 5 mg/l. in drinking water was taken each day. The test animals showed no clinical symptoms of cerebral involvement, but severe, diffuse status spongiosus was evident throughout the white matter of the central nervous system.
Pelikan (29) studied the effects of bis-(tri-n-butyltin) oxide, an important preservative for wood, textile paper, leather, and glass, on the eyes of rabbits. Both male and female albino rabbits, ratio 1:1, were used in this study, and were divided into four groups. The actual concentrations of the organotin compound administered to each group were: 6.1 mg/kg; 4.6 mg/kg; 0.61 mg/kg; and 0.46 mg/kg. A single dose of 0.03 ml per rabbit was administered to the conjunctival sac of the left eye. The largest concentration approximated the highest accidentally adminis- Female rats (26) Tributyltin oxide
(IP)
Female rats (26) Trioctyltin dilaurate >800 (IP)
Female rats (26) Tributyltin acetate 133 (oral) Male rats (27) Tributyltin salicylate 137 (oral) Male rats (27) Bis(tributyltin) oxide 122 (oral) Male rats (27) Tri-n-octyltin chloride >10,000 (oral)
Male rats (27) tered dose. The lower two concentrations produced very profound changes in the rabbits' eyes. Within 3 hr after administration, erythema and mild edema of the eyelids was observed. In addition, there were numerous large necrotic areas, petechial hemorrhages, early chemosis of the bulbar and polpebral conjunctivae, and distinct pericorneal injection and dullness of the shine of the cornea with decreased transparency. 'l'hese effects persisted so-that 2-5 days after administration of the organotin compound, eschars and ulcerations, some 10-15 mm in size, formed on the eyelids partly covered with pus. Between these eschars were numerous papules, pustules, hemorrhages, and small necroses. In the rabbits given the larger concentrations, these effects were more pronounced and produced in two of the animals a clinical situation which showed marked deterioration after 3-4 days. These two animals (after 3-4 days) showed extreme weakness, kept their eyes closed, and let their heads hang down. On day 11 and 12 the rabbits died. (Microscopic examinations of tissue in and around the eye were performed, and results are given in the paper.) This commercially important biocidal agent, when administered in low concentration doses, has a very pronounced and irreversible effect on normal eye functions in rabbits. Di-and Monosubstituted Organotin Derivatives: From this work on the triethyltin derivatives, interest in other organotin compounds of commercially importance was generated. Barnes and Magee (30) studied the toxicity of the salts of dibutyltin hydroxide because these stabilizers were used for plastics which were made into flexible tubing for blood-transfusion sets and the transport of liquids such as beer and milk. In acute studies with rats a single oral dose of dibutyltin dichloride of 50 mg/kg body weight produced bile-duct lesions. It was shown that the flow of bile was a prerequisite for the development of bile duct lesion. It was, therefore, conceivable that the dibutyltin salt was present in the bile in sufficient concentration to produce injury. As a result of this initial damage, bile escaped into the adjoining parts of the pancreas and a yellow-stained edema developed locally. Liver damage was also noted in the rats.
Chronic toxicity studies on di-n-butyltin dichloride in rats were conducted by Gaunt et al. (31) . The compound was fed to rats for 90 days at dietary levels of 0 (control), 10, 20, 40, and 80 ppm. At 80 ppm, there was a slight reduction of growth and food intake, and instances of mild anemia. The no-effect level in rats was established at 40 ppm for 90 days. This level corresponded to an intake of approximately 2 mg/kg-day. Di-n-butyltin dichloride is the final product of the stabilization reaction of PVC resins, and is a catalyst for the formation of polyurethane foam. Other important acute toxicity studies with di-and monosubstituted organotin derivatives are summarized in Table 6 .
Biochemical Studies on Organotin Compounds
Trisubstituted Organo tin Derivatives: Most of the biochemical research on organotin compounds has been confined to triethyltin compounds and how they inhibit oxidative phosphorylation. Oxidative phosphorylation is a complex heterogeneous, catalytic, electro-chemical process occurring on the mitochondrial membrane. Although the exact mechanism of conversion of ADP to ATP has not been determined completely, studies by Aldridge and Street (35, 36) indicate that part of this process involves binding of the reactants to sites on the mitochondrial membrane. Mechanisms for catalytic reactions involve adsorption-desorption steps and therefore the determination of an equilibrium constant which can be related thermodynamically to the binding energy involved in adsorption-desorption processes. The exact nature of the equilibrium constant is a function of the number of binding sites involved in the reaction mechanisms.
Triethyltin derivatives and trimethyltin derivatives have been shown by Aldridge and Street (35, 36) to have very high affinity constants (-1Gf5M-1) for the binding to rat liver mitochondria. It was shown for rat liver mitochondria that the presence of these compounds could inhibit oxidative phosphory- 10000 (oral) lation by binding with high affinity to sites on the mitochondria which would be normally used for phosphorylating oxidation. This is comparable to catalyst poisoning experienced in industrial catalytic processes. The concentration of triethyltin required to effectively inbit oxidative phosphorylation is 0.3 pM.
In related studies on the inhibition of oxidative phosphorylation by trialkyltin compounds, Stockdale, Dawson, and Selwyn (37) showed that the order of effectiveness in inhibiting coupled respiration was tributyltin > tripropyltin > triphenyltin > trimethyltin. It was concluded that with two exceptions, all the effects of trialkyltin compounds on mitochondria could be explained on the basis of two separate effects. These were the oligomycinlike inhibition of coupled phosphorylation exhibited in all media and the anionhydroxide exchange across lipid membranes. In the latter effect, it was shown that media containing certain anions could produce uncoupling, swelling, and the lowering of intramitochondrial substrate and phosphate concentrations together with structural damage following gross swelling. The two exceptions are the detergentlike action at high concentrations of chlorides of trialkyltin compounds and the potent inhibition of electron transfer found at high trialkyltin concentrations with iodide and thiocyanate anions.
Radioactive triethyltin (113 Sn) chloride was used by Rose and Lock (38) In studies by Coleman and Palmer (39) it was shown that pH influences the inhibition of oxidative phosphorylation and electron transport by triethyltin sulfate. With rat liver mitochondria, in an assay medium containing Cl-at an alkaline pH, above 7.1, triethyltin inhibited both the ADP stimulated rate of oxygen uptake and the dinitrophenol-induced ATPase, but had no effect on the dinitrophenol-stimulated rate of oxygen uptake. If the pH was reduced to below 6.9, the pattern of inhibition changed and both the ADP and dinitrophenol-stimulated rates of oxygen uptake were inhibited by triethyltin. In the absence of Cl-in the medium, trialkyltin inhibited both the ADP-stimulated rate of oxygen uptake and dinitrophenol-induced ATPase, and had no effect on the dinitrophenol-stimulated rate of oxygen uptake at either pH 7.4 or 6.6. In either the presence or absence of Cl-the ability of triethyltin to inhibit ATP synthesis appeared to markedly decrease as the pH was lowered from 7.4 to 6.6.
In vivo studies were conducted by Cremer (40) on the selective inhibition of glucose oxidation by triethyltin sulfate in rat brain.
14C tracers were used to study the metabolism of glucose and acetate after intraperitoneal injection of triethyltin sulfate, 10 mg/kg body weight. It was shown that incorporation of 14C from glucose into glutamate, glutamine, a-aminobutyrate and asparate was greatly decreased. The incorporation of 14C from acetate into these amino acides was unaffected. The experimental data indicated that the main action of triethyltin was to decrease the rate at which pyruvate was oxidized. Glycolysis was not inhibited. Changes in glucose metabolism in the brain were shown not to be directly due to hypothermia.
In a related study, Joo et al. (41) Acute toxicity studies in rats showed that trialkyltin and triaryltin compounds were very toxic, with toxicity diminishing as the site and stability of the organic ligand increased. Chronic toxicity studies in rats showed that these compounds affected the function of the central nervous system, but that these lesions were reversible when administration of these compounds ceased. It was also shown in in vitro studies that these compounds bind to mitochondria and inhibit oxidative phorphorylation. Trialkyltin and triaryltin derivatives are commercially important biocides.
Acute and chronic toxicity studies in rats with dialkyltin and triaryltin compounds, commercially important as thermal stabilizers and catalysts, showed them to be less toxic than the trialkly-and triaryltin derivatives. The toxicity of these compounds again diminished as the size and stability of the organic ligand increased. However, it was shown in in vitro studies that these compounds did have the ability to inhibit mitochondrial respiration by preventing the oxidation of ax-keto acids.
The transport mechanisms for these compounds into biological systems have profound implications for environmental health. Two methods of introduction of dialkyl-and diaryltin derivatives into man are migration from plasticized plastic containers into liquid foods and migration from plasticized plastic medical devices into biological fluids. Tissue culture tests with dialkyl-and diaryltin thermal stabilizers showed them to be more toxic than the plasticizers in which they were dissolved. It was also shown that the presence of the plasticizer enhanced the diffusion of the more toxic stabilizers into biological fluids. The FDA has specified that only dioctyltin derivatives can be used to stabilize plastic food containers. These compounds are not the most effective stabilizers, but they are much less toxic than the dibutyltin derivatives. Medical devices use the more effective dibutyltin stabilizers. Although this group of products does not represent a significant percentage of plasticized plastic products, the use of dibutyltin stabilizers in these devices, offers a direct route of entry for the more toxic group of compounds into biological fluids.
With the increasing information on the number of methods by which chemicals can. be transported throughout the environment, it is possible to apply these methods to the prediction of environmental distribution of organotin compounds. The combined organic-inorganic nature of these substances allows them to be soluble in a very broad range of fluids, so that liquid transport mechanisms by many types of fluids are possible. On examining the use pattems for these compounds, the dialkyl-and diaryltin derivatives are widely used in a variety of commercially important plastic products, because of their effectiveness in preventing thermal degradation of the polymer chains of these plastics. Marketing of plastics is a high volume business because they are generally inexpensive and can be fabricated into products which can compete favorably with established market items. Plastics are also considered to be disposable. The percentage of solid waste as a result of the disposability of plastics is increasing yearly, from the present 3% to approximately 5% by 1980. The methods of solid waste disposal-landflling, composting, and incineration-could offer an increased number of mechanisms for concentration through the food chain, and an increased number of possibilities for entry into man's svstems.
The solution to these problems would be an example of responsible consideration of the total life cycle of a product for the consumer market. Several possible suggestions are therefore given as a beginning. The use of unplasticized plastic food containers and medical devices would decrease the diffusivity of organotion stabilizers in liquid foods and biological fluids from approximately 10-i cm2 /sec to approximately 10-1 2 cm2 /sec. Recognition of what additives were present in plastic products would result in better waste management procedures and would result in the design of waste disposal equipment for more efficient reclamation of these trace materials. The economic incentive would certainly be there since the organotin compounds have a market value of approximately $2.00/lb. Recogniton of the health hazards of the more toxic trialkyl and triaryl biocides should result in their curtailment or use in closed systems, which would prevent entry of these compounds into the environment.
